Ultrasound absorption has been measured in binary mixtures of phenol with carbontetrachloride and cyclohexane covering the complete concentration range at 20, 30, 40, and 50 °C. Absorption maxima in dilute phenolic solutions are interpreted as arising from cyclic association of phenol to trimers or tetramers.
I. Introduction
Ultrasound absorption measurements were done 1 in solutions of phenol in carbontetrachloride and cyclohexane, and peculiar absorption maxima at low phenol mole fraction were noted. In connection with other measurements 2 , it was thought of the possibility of ascribing these absorption maxima to trimeric or tetrameric cyclic associates 3 , and the measurements were extended over the complete concentration range.
II. Experimental
Measurements were made by means of a two crystal pulse technique 4 , comparing the attenuation caused by the liquid with that of a reference pulse of same length and frequency in a calibrated attenuator. X-cut quartz crystals with eigenfrequencies of about 5 MHz were excited in their odd harmonics up to 57 MHz. Temperature error may be ± 0.05 K, mole fraction error +0.0002. The absorption a/f 2 (a being the linear amplitude absorption coefficient, / the frequency) varied with frequency between 3 -5% in case of strong absorption, and 5 -10% in case of weak absorption. This variation was nonsystematic and considered to be within the limits of experimental error; values for different frequencies were averaged; most of the cyclohexane mixtures were measured only at 26 and 36 MHz.
Carbontetrachloride and phenol were purified and stored as described elsewhere 2 Table 1 and Fig. 1 show the results for phenol + carbontetrachloride, and Table 2 and Fig. 2 for phenol -f cyclohexane. In the figures, the measured curves are compared with a model calculation. The same comparison is done in Fig. 3 for phenol + benzene on the basis of measurements reported in ;> . The model calculation is a very crude one, considering only the association reaction between phe- nol monomers and phenol (cyclic) trimers or tetramers as responsible for additional absorption [first term of Eq. (1)], and neglecting the influence of all other reaction steps on ultrasound absorption. Association constants and interaction parameters between all molecular species are the same as used earlier 2 for the approximate description of various other properties of phenolic mixtures. The absorption (low frequency limit) is given by
III. Results and Discussion
where a is the absorption coefficient, / the frequency (/,. the relaxation frequency), c the ultrasound velocity, e the relaxation strength, and B the term which summarizes the absorption due to all other influences (classical + high frequency relaxation). Now y/f r is given by
In Eq. (2) (the nomenclature is in close analogy to previous papers 6 -3 ) * denotes the ratio of isobaric heat capacity c v to isochoric heat capacity c c , n the sum over the mole numbers of all species (monomer, chain polymers, cyclic trimer or tetramer, solvent), ns the total formal mole number (ns = 2 i n i + ^B ? where i is the number of monoi meric groups in the phenolic species, and B is solvent), ( I> is a stoichiometric factor including inter-action parameters between different species, xc is the mole fraction of the cyclic trimer or tetramer, R the gas constant, AH the heat of formation of the cyclic associate, h its dissociation rate, and /c its activity coefficient (thought to be identical with that of the activated complex). The second factor in Eq. (2) is given by the model, the third factor should be constant over the whole concentration range. In the first factor, x and c /t , and similarily the sound velocity c in Eq. (1), are assumed to be additive over the concentration range. Data for the pure components are summarized in Table 3 . Finally, assumptions have to be introduced about the concentration dependence of the ß-term in Eq. (1), and about the ß-term of pure phenol. The concentration dependence of B is assumed to follow a modified Pinkerton formula 7 B = Bvh(csxJci.h + xVh)
/cphÄi-h , The model calculation is only intended to demonstrate that cyclic trimerisation or tetramerisation of phenol can effect a remarkable additional absorption in nonpolar solvents, in spite of rather low absorption of pure phenol itself. This is in contrast to the case of acetic acid, where the sound absorption due to cyclic dimerisation decreases rapidly with increasing concentration of carbon tetrachloride G .
